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ANNUAL REPORT FOR AWARD NUMBER “ W81XWH-07-1-0049” 
ENTITLED MOLECULAR TARGETS FOR PREVENTION OF PROSTAT CANCER. 
FUNDING PERIOD: December 1, 2007-November, 2008 
Dr. Ajit K. Verma, Ph.D. 
Professor 
Department of Human Oncology 
University of Wisconsin Medical School 
K4/532 Clinical Science Center 
600 Highland Avenue 
Madison, WI  53792 
Phone: (608) 263-9136 
Fax: (608) 262-6654 
E-mail: akverma@facstaff.wisc.edu 

 
INTRODUCTION 
 
Prostate cancer (PCa) is the second leading cause of cancer-related deaths in men.  The risk of PCa 
increases rapidly after age 50 in men, with two-thirds of all PCa cases found in men after age 50. PCa first 
manifests as an androgen-dependent (AD) disease and can be treated with androgen-deprivation therapy. 
Despite the initial success of androgen ablation therapy, PCa progresses from AD to androgen-
independent (AI). The hormone refractory, invasive PCa is the end stage and accounts for the majority of 
PCa patient deaths. Defining the molecular mechanisms linked to the transition of AD PCa to a hormone 
refractory PCa is essential in planning strategies in the prevention and treatment of PCa.  The objectives 

of this proposal are to determine whether protein kinase C epsilon (PKCε) is linked to the initiation and 
progression of Prostate cancer (PCa) and should be explored as a molecular target for the prevention of 
human PCa.  PKC represents a family of Phospholipid-dependent, serine/threonine protein kinases.  

PKCε is a calcium-insensitive PKC.  Previous studies have shown, using cultured prostate cancer-derived 

cell lines and human PCa specimens that PKCε may play a role in the progression to AI PCa.  However, 

the role PKCε plays in the course of PCa progression on the whole tissue level in vivo is unknown and that 

forms the focus of this proposal. We plan to test the hypothesis that PKCε is linked to the onset, 
progression and metastasis PCa. Two specific aims are proposed to test this hypothesis: Specific Aim #1: 

To obtain the first molecular genetic evidence that PKCε is linked to the development of PCa. To 
accomplish this specific aim, we will employ TRAMP mice. Specific Aim #2:  To explore the mechanisms 

by which PKCε may promote the progression of AI PCa. PKCε may be a new marker for the prognosis of 
PCa, as well as a molecular target for the prevention and therapy of PCa. Knowledge obtained from the 
proposed study will help to plan strategies to manage the development of PCa.  
This report will review the accomplishments made over the second year of grant award with respect to 
these specific objectives and according to the time line proposed in the original statement of work of the 
project. 
BODY (Key Research Accomplishments by original statement of work) 
 

Task 1:  Specific Aim #1: To obtain the first molecular genetic evidence that PKCεεεε is linked to the 
development of PCa. Anticipated time to accomplish: 18-28 months 

The principle experimental approach to link PKCε to the development of PCa is 
to deplete PKCε in TRAMP mice.  This will be accomplished by crossbreeding 
 
TRAMP mice with PKCε knockout (-/-) mice.  We will evaluate TRAMP-PKCε KO mice for the 
development and progression of PCa in vivo.  We will determine whether genetic loss of one (-/+) or both 
(-/-) PKC alleles will attenuate the progression of PCa.  Our PKCε knockout (-/-) mice are on FVB 
background while TRAMP mice were on C57BL/6 background.  This year, we were successful to obtain 
TRAMP mice on FVB background from Dr. Barbara Foster’s laboratory, Rosewell Park cancer Institute, 
Buffalo, New York. Congenic FVB TRAMP mice were originally generated by Dr. Allan Balmain’s group as 
follows: B6 TRAMP females were mated with FVB males to generate B6FVBF1 TRAMP animals and the 
F1 TRAMP females were backcrossed to FVB males; this scheme of backcrossing TRAMP females to 
FVB males was continued. The FVB TRAMP mice to be used in this study will be generation N9-N12. The 
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study of the influence of genetic background in prostate pathology between FVB and B6 TRAMP mice 
reveals that FVB mice have a significantly higher incidence of malignant neuroendocrine (NE) carcinomas 
and a significantly shorter survival time (20 weeks) compared to B6 mice (52 weeks). All FVB mice 
developed malignant NE carcinomas by 20 weeks compared to a lifetime incidence of 20% in B6 mice.  
Since FVB TRAMP mice have median survival of 20 weeks, a time course study will be performed with 4, 
8, 12, 16, and 20 weeks old mice. 

    We are currently breeding FVB PKCε knockout (-/-) with FVB TRAMP mice to generate sufficient mice on 
each genotype (TRAMP+, PKCε +/+); (TRAMP+, PKCε -/+); and (TRAMP+, PKCε -/-) for the proposed 
experiments as illustrated below.  We anticipate to complete these experiments in the last year of our 
grant period.     

Experiment 1:  Effects of PKCε deletion on the development of PCa in TRAMP mice.  All mice will be 
randomly assigned to the indicated cohort and sacrificed at 4, 8, 12, 16, and 20 weeks of age.  There will 
be 20 mice per experimental group. Since it is difficult to generate sufficient numbers of male mice for all 
the time points, we have divided this experiment in three separate parts.  
Experiment 1A: The link of PKCε to the progression to AI PCa. In this experiment, there will be 40 
male mice in each genotype (TRAMP+, PKCε +/+); (TRAMP+, PKCε -/+); and (TRAMP+, PKCε -/-).   At 8 
weeks of age, 20 mice of each genotype will be castrated.  For castration, mice will be anesthetized with 
sodium pentobarbital (65 mg/kg, administered i.p.) and an incision will be made across the lower 
abdomen to allow access to the testes.  The ductus deferens will then be cauterized and the testes 
removed. The incision will be closed by staples, which will then be removed two weeks post operation.  At 
20 weeks of age, all mice will be sacrificed. 
 

Cohorts Sacrificed at:  20 weeks 
Intact                      Castrated 

TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

20                                 20                                     
20                                 20                       
20                                 20                  

 
Experiment 1B: The link of PKCε to the initiation of PCa.  In this experiment, 20 male mice of each 
genotype will be sacrificed at 4 and 8 weeks of age to determine whether PKCε deletion prevents the 
development of early lesion (PIN) in TRAMP mice.  

Cohorts              All intact, sacrificed at: 
 4 weeks                        8weeks           

TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

20                                     20                  
20                                     20                  
20                                     20                  

 
Experiment 1C: The link of PKCε to the development of PCa at the post-initiation phase of prostate 
carcinogenesis. In this experiment, mice of each genotype will be sacrificed at 12, 16, and 20 weeks of 
age.  

Cohorts                 All intact, sacrificed at: 
12 weeks     16weeks         20 weeks 

Experiment with  
TRAMP/PKCε (+/+) 
TRAMP/PKCε (+/-) 
TRAMP/PKCε (-/-) 

20               20                        20 
20               20                        20 
20               20                        20                         

 

Task 2:  Specific Aim #2:  To explore the mechanisms by which PKCεεεε may promote the 
progression of AI PCa. Anticipated time to accomplish: 24-36 months  
The proposed experimental approach was to determine the effects of the inhibition of PKCε expression in 
TRAMP mice, using the mice in Experiment 1 of Specific Aim #1, on the induction of cytokine IL-6 release 
and IL-6’s associated signal transduction pathway (JAK/STAT-3) as well as the cell survival genes (e.g., 
p21, p27, Survivin, Bcl-xL, and Bcl-2).  The serum and prostate tissue samples will be collected from the 



 6 

experiments outlined under Specific Aims #1. These samples will be used to analyze the level of 
expression of cytokine IL-6 using the mouse IL-6 Quantikine ELISA Kit (R&D Systems, Minneapolis, MN). 
The activation of the JAK/STAT-3 pathway and the expression of cell survival genes will be determined by 
Western blot analysis. 
While we are waiting for the experiments to be accomplished under specific aim#1, we screened for 

pharmacological inhibitors of PKCε.  The use of pharmacological inhibitors of PKCε will further provide 

clues of the role of PKCε in PCa development. We found that plumbagin, a medicinal plant-derived 

naphthoquinone, inhibits PKCε expression and growth and invasion of hormone refractory prostate cancer 
(see Cancer Research paper in the appendix, this work was supported in part from DOD grant). 
Our results with plumbagin are summarized below: 
 
We found that plumbagin (PL), a quinoid constituent isolated from the root of the medicinal plant 
Plumbago zeylanica L, may be a potential novel agent in the control of hormone refractory PCa. Specific 
observations are the findings that PL inhibited PCa cell invasion and selectively induced apoptosis in PCa 
cells but not in immortalized non-tumorigenic prostate epithelial RWPE-1 cells.  Also, intra-peritoneal 
administration of PL (2mg/kg body weight), beginning 3 days after ectopic implantation of hormone 
refractory DU145 PCa cells, delayed tumor growth by 3 weeks and reduced both tumor weight and volume 
by 90%.  Discontinuation of PL treatment in PL- treated mice, for as long as 4 weeks did not result in 

progression of tumor growth. PL, at concentrations as low as 5 µM, inhibited both in cultured PCa cells 

and DU145 xenografts the expression of: 1) PKCε, PI3K, pAKT, pJAK-2 and pStat3; 2) the DNA-binding 
activity of transcription factors AP-1, NFkB, and Stat3 and 3) Bcl-xL, cdc25A and COX-2 expression. The 
results indicate for the first time, using both in vitro and in vivo preclinical models, that PL inhibits the 

growth and invasion of PCa.  PL inhibits multiple molecular targets including PKCε, a predictive biomarker 
of PCa aggressiveness.  PL may be a novel agent for therapy of hormone refractory PCa 
  
  KEY RESEARCH ACCOMPLISHMENT 

1. To accomplish the proposed experiments under Specific Aim#1, we have now both TRAMP and 

PKCε KO mice on FVB background. Breeding of PKCε knockout (-/-) with TRAMP mice is in 
progress to generate sufficient mice on each genotype (TRAMP+, PKCε +/+); (TRAMP+, PKCε -
/+); and (TRAMP+, PKCε -/-) for the proposed experiments.  

2. Plumbagin, a natural inhibitor of PKCε, inhibits the growth and invasion of PCa.   
 
 
PLANS: We will continue our experiments proposed under specific aims in the grant proposal.  We 
anticipate no change in our original plans.  
 
 
REPORTABLE OUTCOMES 
 
A publication in CANCER RESEARCH   (Cancer Res. 68: 9024-9032, 2008). 
 
Patents and licenses – NONE  
  
Degrees obtained – NONE  
  
Development of cell lines, tissue or serum repositories – NONE   
  
Informatics – NONE  
  
Funding applied for based on work supported by this award : NONE  
 
Employment or research opportunities applied for – NONE 
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CONCLUSIONS 
 
Prostate cancer is the most common type of cancer in American men and ranks second to lung cancer in 
cancer-related deaths. While 1 in 6 men will get prostate cancer during his lifetime, 1 in 34 will die of this 
disease. Prostate epithelial cells are dependent on the male hormone androgen for survival and enter 
programmed cell death following hormone oblation resulting in involution of the prostate gland.  Early PCa 
is typically diagnosed as androgen-dependent and is treated with anti-androgen drugs or using a 
procedure termed castration, which involves removal of the androgen producing testes. Despite androgen 
therapy, some of the cancer cells still survive and grow to form PCa.  The PCa that grows after hormone 
therapy is called androgen independent (AI) PCa. This invasive PCa is the end stage and accounts for the 
majority of PCa patient deaths. The management of locally advanced prostate cancer is difficult and 
complex because the cancer often becomes hormone-insensitive and unresponsive to current 
chemotherapeutic agents. Knowledge about the regulatory molecules involved in the transformation to AI 
prostate cancer is essential for the rational design of agents to prevent and treat prostate cancer. Recently 
we found a protein termed protein kinase C epsilon (PKCε), which may play a role in the formation of 
advanced prostate cancer.  The level of this protein is increased in prostate cancer tissue as compared to 
the normal prostate.  The proposed study is aimed at validating the role of this protein in the progression 
of prostate cancer. Knowledge obtained from the proposed study will help to plan strategies to manage 
the development of PCa. This PKCε protein may be a new marker for the prognosis of PCa, as well as a 
molecular target for the prevention and therapy of PCa.  
 
REFERENCES: None 
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